In cellular mobile communication systems using coded modulations, the spectrum efficiency of the system is related to the number of available codes. Recently, large area synchronous (LAS) CDMA codes, which exhibit a region called interference free window (IFW) within some delay-spread, have been accepted as one of fourth-generation (4G) wireless communication systems. However, the number of synthesized LAS codes is very low due to the low duty ratio of the sequence. In this paper, a dynamic space coded multiple access (DSCMA) scheme which utilizes the spatial diversity from smart antenna system is proposed to overcome the low spectrum efficiency in LAS CDMA system. In the DSCMA a modified version of LAS codes called LAS even ternary (LAS-ET) codes is proposed. These codes are used together with a novel algorithm called dynamic space code (DSC), which will decrease the code length so that the spectrum efficiency can be increased. By taking advantage of dynamic code reuse assignment in spatial diversity, the spectrum efficiency of the DSCMA can be further increased significantly.
Introduction
Radio spectrum is a limited resource for wireless technologies hence, the main thrust of fourth-generation (4G) wireless communication research is to enhance the spectrum efficiency of a system [1] . Recent third-generation (3G) systems are based on code division multiple access (CDMA) and enhanced by space division multiple access (SDMA). Both schemes are characterized as interference limited in non-uniform traffic environment with inter-symbol interference (ISI) as well as multiple access interference (MAI) [2] .
In random access environment each user signal arrives at base station receiver with different delays in reverse link. The system performance is carried out in asynchronous manner [3] . Thus, traditional CDMA codes such as m-sequences, Gold codes, Kasami codes and Walsh codes exhibit non-zero correlation among their codes around some non-zero delay-spread region [4] while in SDMA, perfect spatial signatures cannot be obtained when user location are not situated at null directions of other users radiation pattern.
There are several research initiatives to design CDMA codes that exhibit zero correlation within some delay-spread region. The attractive family of large area synchronized (LAS) CDMA codes have been introduced by Li [5] which is constituted by the combination of large area (LA) codes and loosely synchronous (LS) codes. The resultant LAS codes exhibit a zero correlation region called interference free window (IFW) within some delay-spread.
Initially, Li [6] introduced LA codes to exhibit an IFW but its duty ratio is very low which is a major drawback for the code. To increase spectrum efficiency it is necessary to have higher duty ratio of a spreading sequence. Therefore, Li [5] merges its LA codes with LS codes to achieve a higher duty ratio. However, the consequences of the emerged LAS codes exhibit a small IFW and hard to be implemented due to its complexity compared to the previous LA codes. It is necessary to increase spectrum efficiency without affecting the characteristics of the spreading sequences. In this paper, we introduce dynamic space coded multiple access (DSCMA) system by inserting CDMA codes into SDMA spatial diversity. A modified LAS codes called LAS even ternary (LAS-ET) codes with high duty ratio is used in this system. Higher spectrum efficiency can also be achieved by exploiting the dynamic code reuse assignment in fact the code is reusable in regions that are isolated spatially. Thus the number of traffic channels can be increased dramatically.
Instead of inserting LS codes into LA codes to gain a higher duty ratio in LAS codes, the DSCMA system uses dynamic space code (DSC) algorithm to increase duty ratio of LAS-ET codes. Its duty ratio becomes adaptively increased when the beamwidth of smart antenna becomes narrower. The desired IFW size is reduced proportionately with the narrower beamwidth, and the sequence length can also be reduced. This paves a way for the system to increase its duty ratio. This modified LAS-ET codes are well organized and much easier to be synthesized compared to the original LAS codes. The narrower beam from smart antenna will drive all multipath signals to arrive within the exhibited IFW delay-spread duration. In such a manner, interference cancellation can also be realized from DSCMA system, which will directly increase the system capacity. This paper is organized as follows: In Sect. 2, the construction and properties of LAS CDMA codes are described. The DSC algorithm, which is used in DSCMA system together with LAS-ET codes and smart antenna, is presented in Sect. 3. Spectrum efficiency incease in LAS-ET codes is discussed in Sect. 4. The spectrum efficiency is further improved through Table 1 The arrangement of 16 LA(16,38,847) sequences   0 38 78 120 164 210 258 308 360 414 470 530 592 660 732 808 847   C1  + +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  C2 + dynamic code reuse assignment, which is discussed in Sect. 5. This paper is then concluded in Sect. 6.
Overview of LAS CDMA Codes
The original LAS codes proposed by Li [5] are synthesized by seeding LS codes in LA codes to improve it spectrum efficiency. An N p LA codes are synthesized in such a manner that the N p non-zero ±1 pulses from m-sequences oriented are positioned as shown in Table 1 . This arrangement forms a configuration of LA(N p , K 0 , L c ) where K 0 is the minimum number of zero padding in pulse interval of non-zero pulses which determine the size of IFW delay-spread in term of chips, while having a total code length of L c chips. The LS codes are then seeded into pulse intervals of LA codes as depicted in Fig. 1 to form LAS codes. Consequently, the resultant size of synthesized IFW from LAS codes becomes much smaller than the size of synthesized IFW from LA codes. This is a major drawback of LAS codes. In addition, the implementation of these LAS codes has become more complex. Figure 2 shows the cross-correlation property of LAS codes where here is a region where no cross-correlation side-lobes exist. This region around the origin is defined as interference free window (IFW). For an asynchronous CDMA system, if the delay spread of the multipath channel is within such IFW region, there is practically no ISI nor MAI. 
DSC Algorithm with LAS-ET Codes
The IFW region shown in Fig. 2 is rather small about 13 time shifts, and there is imperfect zero correlation at zero time shift. In order to achieve a perfect IFW including at the zero time shift, some modification is done to the original LA code to form LAS-ET codes. In this LAS-ET code, the pulse interval or zero paddings between two adjacent non-zero pulses is even in number. It is interesting to note that with this modification the sequence length of LAS-ET codes is shorter than original LA codes yielding from 847 chips to 818 chips. Hence, this modification increases the duty ratio of LAS-ET codes while the size of IFW is maintained.
In DSCMA system, a narrower beam from smart antenna system is steered to a particular user. The beamwidth size is necessary to synchronize with the size of exhibited IFW from LAS-ET codes through DSC algorithm. This is to ensure that all the user signal components within the beam are driven into IFW such that all interferences are fully eliminated. This behaviour is described in Fig. 3a -e, when the distance between base station and mobile station is 10 km. With DSC algorithm, the required size of IFW can be adjusted to the size of the smart antenna beamwidth. Hence, the sequence length of LAS-ET codes can be further reduced to increase its duty ratio as the minimum number of zero padding in this sequence is further decreased. In this manner, the spectrum efficiency of spreading sequence can be further increased.
In order to assure the high directivity narrow beam of smart antenna drops within the IFW delay-spread duration exhibited by proposed LAS-ET codes, the generated IFW delayspread duration must be larger than maximum excess delay, τ max of smart antenna narrow beam. Hence, by using DSC algorithm some adjustment in the construction of proposed LAS-ET codes, LAS − E T N p , K 0 , L c is done appropriately such that the IFW size will be larger than τ max for a given number of elements, N e in a smart antenna system. For example, the 6.375 • half-power beamwidth of 16 elements smart antenna which induces a maximum excess delay, τ max of 4.56 chips needs an IFW size of at least five chips delay-spread duration. Hence, the minimum pulse interval, K 0 in this LAS-ET code is taken as an even number of Table 2 shows the arrangement of the non-zero pulses in LAS-ET codes of K 0 = 20, 10, 6, 4, 2 for acquiring an IFW to accommodate the beamwidth synthesized from smart antenna with various numbers of elements, N e = 4, 8, 16, 32, 64, respectively. Figure 3 shows how the main lobes of N e = 4, 8, 16, 32, 64 smart antenna system totally dropped within the IFW delay-spread duration acquired from LAS-ET sequences of K 0 = 20, 10, 6, 4, 2, respectively. It is observed that the length of LAS-ET code is reduced when the required minimum pulse interval, K 0 is reduced. Therefore, the spectrum efficiency is increased when the sequence length of LAS-ET codes is decreased from 818 chips to 242 chips.
Spectrum Efficiency Increase in LAS-ET Codes
The most important measure of a multiple access system is its spectrum efficiency, η which is defined by [6] 
where N u is the maximum number of users per sector or cell, B is the system bandwidth which is given as 1.25 MHz in CDMA system, and R is the average user data rate in bit per second. In a DSCMA system, when both R and B are fixed, spectrum efficiency is proportional to the number of available codes to accommodate N u users. As mentioned earlier, initially, Li [6] introduced LA codes to exhibit an IFW but its duty ratio is very low which is a major drawback. To increase spectrum efficiency it is necessary to have higher duty ratio of a code. Therefore, Li [5] merges its LA codes with LS codes to achieve this higher duty ratio. However, the consequence of the emerged LAS codes exhibit a small IFW and hard to be implemented due to it complexity compared to the initial LA codes.
In order to sustain the characteristics of LA sequence proposed in [6] without altering the size of IFW, a modified cods, LAS-ET is employed in DSCMA instead of LAS codes. The code's duty ratio, D is defined by
where N p is the number of non-zero pulses in LAS-ET code, and L is the sequence length. Note that in a traditional CDMA code, where zero pulses do not exist, D is unity, hence the spectrum efficiency is proportional to the number of available codes to accommodate N u users. Therefore, spectrum efficiency, η in DSCMA system is proportional to the code's duty ratio, D and can be expressed as 
The spectrum efficiency of proposed LAS-ET code is hence higher than Li's original LA code. This is because the duty ratio of LAS − E T (16, 38, 818) is 0.0196, which is higher compared to duty ratio of 0.0189 in the original LA (16, 38, 847) code proposed in [6] thus, it results in a 3.7% spectrum efficiency increase. However, the duty ratio of LAS-ET sequence is still low compared to L A (16, 38, 714) sequence proposed in [7] which exhibits D = 0.0224. In DSCMA system, the length of LAS-ET code is reduced when the required minimum pulse interval, K 0 is reduced. This implies that in DSC algorithm the time of arrival (TOA) of narrower beam is shorter and the IFW size must be smaller such that the spectrum efficiency can be increased through the increase of code's duty ratio. The duty ratio improvement in DSCMA system using DSC algorithm relative for a single element antenna system is shown in Table 3 .
It could be seen that when the beamwidth of smart antenna is reduced by increasing the number of elements, N e the length of LAS-ET code, L c is reduced proportionately. For example, in the 64 elements of smart antenna system the length of code is reduced from 818 chips to 242 chips which is a 250% duty ratio improvement.
Spectrum Efficiency Further Improvement Through Dynamic Code Reuse Assignment
In current mobile communication systems, the frequency reuse assignment in terms of number of cells is based on the minimum distance between two cells that the co-channel interference can be tolerated. In this paper, the code reuse assignment is based on the angle of arrival (AOA) of the mobile users. All the codes can be reused at every null generated from smart antenna. This concept is similar to that of SDMA system. Its spectrum efficiency is dependent on the number of null in the system. The null coverage is shown in Fig. 4 . The length of arc, S due to null sector β • is given by
where d is the distance between base station and mobile user. To realize the code reuse assignment, the location of the incoming mobile user is determined to check whether its AOA is within β = ±1 • of the null directions of existing mobile user radiation pattern. If this requirement is met, the incoming mobile user will be assigned to the same code as the existing mobile user, otherwise a new successive code will be assigned.
Hence a mobile user is considered to be static or in minimum mobility for a distance of 180 m if distance between mobile user and base station is 10 km for β = ±1 • . Figure 5 shows how the spectrum efficiency improvement in SDMA system from N e = 8 to N e = 32.
When both R and B are negligible, the spectrum efficiency, η in DSCMA system is given as η = N c N n (5) where N c is the total available codes in the system. The code reuse factor, N n is the number of nulls that a smart antenna can generate and it is given by N n = N e − 1 ( 6 ) where N e is the number of antenna elements. Equation 5 is a general equation for spectrum efficiency in the DSCMA system that takes advantage of dynamic code reuse assignment. The duty ratio, D in DSC algorithm can be increased by reducing the code length for higher number of elements in smart antenna. This is because the size of IFW decreases further when a narrower beam is assigned. Therefore, from Eq. 3 the spectrum efficiency, η in DSCMA system can be rewritten as 
In DSCMA system, the duty ratio, D of the LAS-ET code is no longer unity, and its data rate, R is represented by
where R c is the sequence chip rate which is given as 1.2288 Mcps. So, η in DSCMA system is given as
To analyze the spectrum efficiency improvement in DSCMA system, LAS-ET codes with non-zero pulses, N p of 16, 32 and 64 are occupied together with the smart antenna system with N e = 4, 8, 16, 32 and 64 elements. The parameters B and R c are fixed. Parameter L, sequence length is varied according to N p . This combination of parameters is listed in Table 4 . From Eq. 9, the spectrum efficiency, η is calculated for each combination. The results of these combinations are shown in Table 4 . In order to analyze the spectrum efficiency performance, Fig. 6 The spectrum efficiency improvement of DSCMA for non-zero pulses, N p = 16, 32 and 64 in LAS-ET sequence versus number of elements, N e in smart antenna system these results are plotted. Henceforth, the spectrum efficiency in DSCMA system for various parameter combinations is shown in Fig. 6 . Figure 6 shows that the spectrum efficiency in DSCMA system increases proportional to the number of elements in smart antenna system. This is because there are many nulls available when the number of antenna elements increases and at the same time the beamwidth of smart antenna becomes narrower so that the required size of IFW can be reduced. Therefore, the code length of LAS-ET spreading sequence decreases to increase its duty ratio. As a result, the spectrum efficiency of DSCMA increases.
The spectrum efficiency in DSCMA system refers to how efficient the number of codes in LAS-ET codes can be synthesized. Hence, it is directly related to the duty ratio of the spreading sequence. It could be seen that the small number of non-zero pulses in LAS-ET code gives higher spectrum efficiency in DSCMA system. It shows that the increase in N p in order to increase the number of available codes does not necessarily increase its spectrum efficiency because the duty ratio decreases when N p increases while maintaining its dedicated IFW size. This is due to the additional zero paddings in the LAS-ET code which causes the code length to become longer. Therefore, spectrum efficiency in DSCMA system can only be increased by the code reuse assignment as the number of elements is increased in smart antenna system, not through the increase in the number of available codes in LAS-ET codes.
Similarly, the code reuse assignment can be applied in multiple cell scenario to increase its spectrum efficiency. The base station of incoming mobile user must check whether its AOA is located at the null directions of the existing mobile user in neighbouring sectors n such a way that every beam with the same sequence will stay orthogonal with each other. It will mitigate co-channel interference between neighbouring cells by means of spatial signature. Therefore this spatial signature based dynamic code reuse assignment will overcome the constraints of available orthogonal codes arising from the increasing number of users.
Conclusions
This paper shows that the spectrum efficiency in DSCMA system can be enhanced by using smart antenna with dynamic code reuse assignment. Spectrum efficiency increases when more antenna elements are deployed in a smart antenna system. The modified LAS-ET sequence reduces code lengths so that the duty ratio increases. The code duty ratio is further increased when the length of LAS-ET sequence is reduced by using DSC algorithm. However, the increase in the number of non-zero pulses in LAS-ET sequence in order to increase the number of codes may not increase the spectrum efficiency. Nevertheless, this method can take advantage of dynamic code reuse assignment in DSCMA system to increase spectrum efficiency. of the Faculty. During her more than 15 years at the department she has been actively involved in teaching, research and administrative activities. She has supervised a number of undergraduate students as well as postgraduate students in the area of wireless communications, which led to receiving some national and UPM research awards. Her research work also led her to publish more than 100 papers in journals and in conferences. 
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